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(57) Abstract 

The present disclosure pertains to a method for plasma 
etching a semiconductor patterning stack (100). The pat- 
terning stack includes at least one layer comprising either 
a dielectric-comprising antireflective material (120) or an 
oxygen-comprising material (120). In many instances the 
dielectric-comprising antireflective material (120) will be an 
oxygen-comprising material, but it need not be limited to 
such materials. In one preferred embodiment of die method, 
the chemistry enables the plasma etching of both a layer 
of the dielectric-comprising andreflective material (120) or 
oxygen-comprising material and an adjacent or underlying 
layer (118) of material. In another preferred embodiment 
of the method, the layer of dielectric-ccxnprising antireflec- 
tive material (120) or oxygen-comprising material is etched 
using one chemistry, while the adjacent or underlying layer 
(118) is etched using another chemistry, but in the same 
process chamber. Of particular interest is silicon oxynitride, 
an oxygen-comprising material which functions as an an- 
tireflective material. A preferred embodiment of the method 
provides for the use of a source of carbon and an appropriate 
halogen-comprising plasma, to achieve selective etch of one 
oxygeii-containing material compared with another material 
which contains a more limited amount of oxygen. 



-121 





121 














11 


4 














122 


> 















121 




120 
118 
117 



4 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to Ac PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesocho 


SI 


Slovenia 


AM 


Annenia 


FI 


Finland 


LT 


Lithnania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Seneg^ 


AU 


Australia 


OA 


Gabon 


LV 


Lat%^a 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgiuni 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Tljrkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


J^an 


NE 


Niger 


VN 


Vict Nam 


CG 


• Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Swiczertand 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


29mbabwe 


CI 


Catc d'lvoire 


KP 


Democratic People's 


NZ 


Ne w Zealand , 






CM 


CameiYXsn 




Republic of Korea 


PL 


Poland 






CN 


Oiina 


KR ■ 


Repnblic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


KazaksAon 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Fedentiion 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/30357 



PCTAJS98/25817 



METHOD FOR ETCHING SILICON OXYNITRIDE 
AND INORGANIC ANTIREFLECTION COATINGS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention pertains to a inetliod of etching silicon oxynttridc and 
other oxygen containing materials. In addition, the method is apph*cable to inorganic 
ajitircflcclive coating (ARC) materials. Silicon oxynitride is commonly used as an 
antireflective coating in combination with deep ultraviolet (DUV) photoresists. 

2, Brief Description of the Background Art 

In the fleid of semiconductor device fabrication, DUV photoresists have been 
developed which take advantage of shorter wavelengths of ultraviolet radiation to 
enable tlic patterning of smaller-dimensioned electronic and optical devices than 
possible with traditional, or so called I-linc photoresists.. Generally, the photoresist is 
applied over a stack of layers of various materials to be patterned in subsequent 
processing steps. Some of the layers in the stadc are consumed during the process of 
patterning underlying layers which become part of the functioning device. To take 
advantage of the spacial resolution of the photoresist, it is necessary to use an anti- 
reflective coating (ARC) layer underlying the photoresist, to suppress reflection off 
other layers in the stack during photoresist exposure. Thus, the ARC layer enables 
patterning of the photoresist to provide an accurate pattern replication. 

Though the most commonly used ARC material is titanium nitride, a number 
of otiicr materials have been suggested for use in combination with DUV photoresists. 
For example, U. S. Patent No. S,44I,9N issued August IS, 1995 to TaR ct al. 
describes the use of a silicon nitride anti-retlectivc layer, while U. S. Patent No. 
5,525,542, issued June 1 1, 1996 to Maniar ct al. discloses the use of an aluminum 
nitride anli-rcncclive layer. U. S. Patent No. 5,539,249 of Roman et al., issued July 
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23, 199G, describes the use of an aiitircncctivc layer of silicon-rich silicon nitride. 
U. S. Palcnl No. 5,635,338 lo Joshi el ah, issued June 3, 1997, describes a class of 
silicon-containing materials which display particular sensitivity in the untraviolct and 
deep ultraviolet for the formation of patterns by radiation induced conversion into 
glassy compounds. Joshi et aL recommend tlie use of anti-reflective coatings such as 
amorphous silicon and an organic plasma polymerized anti-reflective coating generated 
from cyclohcplatricne. U. S; Patent No. 5,633,210 to Yang ct al., issued May 27, 
1997 discloses the use of an anli*rencctive coating material selected from titanium 
nitride materials, silicon oxide materials, and silicon oxynitridc materials. 

Recently there has been increased interest in titc use of silicon oxynitride as an 
anti-^rcflective coating, due to its ability to function well in combination with DUV 
photoresist. Silicon oxynitridc typically (but not by way of limitation) has a formula 
ofSiO^Nyllj, where x ranges from 0 lo about 2, y ranges from 0 lo about I, and z 
ranges from 0 to about 1. By changing the composition of tlie silicon oxynitridc ARC 
layer, one can control reflection onto the photoresist during imaging of tlie photoresist 
layer. When SiO^NyM^ is used as an ARC, x, y, and z typically range between about 
0.2 and about 0.5. 

Silicon oxynitridc as an ARC enables cflicient suppression of tlie reflection 
from luidcrlying layers while providing superior chemical properties which prevent an 
undesirable effect in photoresist patterning known as photoresist poisoning. 
Photoresist poisoning refers to reaction of the surface underlying the photoresist with 
moisture to form amino basic groups (Nil, * ) which react with tlie photogeneratcd 
acid which is responsible for the photoresist development. Deactivation of the acid by 
the amino groups is believed to be responsible for formation of the "foot" (widening 
of the photoresist line just above the subslralc) on some ARC materials such as 
titanium nitride. 

The present invention addresses details of the application of dry etcli 
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icchniqucs for paltcrii Iransfcr inlo a silicon oxymlridc layer. However, Ihe concepts 
developed for dry clcli of a silicon oxynilridc layer have appUealion lo Uie dry elch of 
otiier oxygen containing substrates. 

With rcrcrencc lo a silicon oxynilridc layer used as a anti-rerieclivc coaling, in 
such an application, a typical slack of materials for pattern transfer would include: A 
substrate, which is a dielectric layer used to separate a inclal inlerconncel layer (lo be 
patterned on plasma etching of the etch slack) from underlying device layers. A 
barrier layer, which prevents the diffusion of material between a conductive layer and 
the substrate. A conductive layer, which is typically aluminum or an alloy thereof. 
An anti-rcnecllve-coating (ARC) layer that reduces reflection back into the photoresist 

_A^ILng_ils_Mposure„inJhc_Ii1^ 

And, a photoresist layer which is imaged to provide the pattern for transfer lo 
underlying layers. 

It would, then, be desirable lo have a dry, plasma-based elch process for 
transfer of Ihe pattern from the developed photoresist llirough all of Ihc layers within 
the complete etch stack, including an ARC layer, a conductive layer, and a barrier 
layer. Etching of a metal-comprising stack is traditionally achieved in a metal etch 
chamber using etch slacks with ARC layers such as titanium nitride. However, as 
silicon oxynilridc is a dielectric material, its patterning is traditionally reserved for 
dielectric etch chambers, and moving the substrate from one process chamber lo 
another lowers the productivity of the whole process. 

The present invention details a method permitting tiic etch of a diclcclric 
coinprising ARC layer such as a siticon-oxynitrtdc ARC in tiie same chamber as is 
used for etching the rest of the metal-comprising stack. We have developed a plasma 
elch process which provides adequate selectivity for a silicon oxynitride ARC layer 
over organic-based photoresists. In addition, we have oblained a good etch rale for a 
silicon oxynilridc ARC layer while providing excellent pallern Iransfcr tlu*ough Ihe 
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SUMMARY OF THE INVENTION 

The present invention pcrlains to a method for plasma etching a semiconductor 
pallcrning slack. The pallcrning slack includes at least one layer comprising eiUicr a 
dielectric-comprising aniircnective malerial or an oxygen-comprising material. In 
many instances the dielectric-comprising aiUirenective material will be an oxygen- 
comprising material, but it need not be limited to such materials. In one preferred 
embodiment of Ihc method, the chemistry enables Ihe plasma etching of both a layer 
of the dielectric-comprising aniircnective malerial or oxygen-comprising material and 
an adjacent or underlying layer of material. In another preferred embodiment of the 
method, Uie layer of dielcclric-comprising antircdectivc material or oxygen-comprising 
material is etched using one chemistry, while the adjacent or underlying layer is 
etched using another chemistry, but in the same process chamber. Of particular 
interest is silicon oxynilridc, an oxygen-comprising material which functions as an 
anlircflcctivc malcriaL 

A preferred embodimcnl of the metliod provides for tlie use of a source of 
carbon and an appropriate halogen-comprising plasma, to achieve selective etch of one 
oxygen-containing material compared with another material which contains a more 
limited amount of oxygen. 

In a highly preferred embodiment of the invention, a film of silicon oxynilridc 
is plasma clchcd, and better selectivity is achieved relative to a film of a lower oxygen 
content malerial, such as a photoresist, by using Huorine comprising plasma. 
Preferably llic fluorine comprising plasma also comprises a source of carbon. 
Example of materials which provide botli fluorine and carbon include fluorocarbons 
such as CIIFj, CF4, CF,C1, C^F,, CjF^ and combinations thereof. Tlie fluorocarbons 
may be combined willi other gases which increase the halogen content of the plasma, 
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such as CI, , I-, , IIF, MCI, NI-„ or SF,, for example, but nol by way of liinitalion. 
riic addilion of sud. oUicr gases is helpful in increasing Uic clcli rale, and in some 
instances the sclccUvily. of (he silicon oxynilridc. Wlicn Ihc gas used lo increase Uie 
halogen conlcnl comprises a halogen olhcr than fluorine, such as chlorine, Uic etch 
rale of some other stack layer materials such as a TiN. barrier layer is also increased. 
The addilion of chlorine to a fluorocarbon plasma should cnliancc cldi ofsucli a 
barrier layer material along with (he silicon oxyiiiiridc, while Ihc clcli of an oxygen- 
poor maleriai such as a photoresist is suppressed. 

Wc have discovered a preferred combination of plasma etch gases which 
provides an unexpectedly high etch rate while providing selectivity for silicon 
oxynilridc over pallcrning photoresist. Ilic preferred combination of plasma ctcji 
gases is CI IF, and CI,, wherein Ihc gas How ratio of CI IF, to Clj ranges between 
about 2:1 and about I : 3, wiierein a ratio of about 2 : I is recommended for high 
silicon oxynilridc to photoresist selectivity, and a higher chlorine conlcnl is 
rcconmicndcd for etching bolh the layer of silicon oxynilridc and an underlying layer 
containing a metal or a refractory metal such as titanium nitride. It is expected that 
the use of CF^ rather than CI IF, would require less CI, lo sclccUvcly etch silicon 
oxynilridc and that CI^ alone might be sufficient. Further, since the silicon elch.ralc 
is dependent on fluorine ralhcr than clilorine, the use of CF« should increase the etch 
rale of silicon oxynilridc and may provide an improvement in sclcclivity as compared 
with CI IF,. 



BlUILF DESCIlll'TION OF THE DIIAWINGS 
Figure 1 shows a schcniulic of the cross-sectional view Ihc preferred 
embodiment metal etch slack incorporating silicon oxynilridc as Ihe ARC layer. 

Figures 2A - 2D illustrate the Example One slack cross-sccUonat view 
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sclicmalic as the clcJi slack shown in Figure I progresses Ihrougli a Uircc slcp clch 
process. 



Figures 3A - 3C illuslralc llic Example Two slack cross-scclional view 
schematic as Ihc clcli slack sho%vii in Figure 1 progresses llirough a two slep etch 
process, including one slcp for elching Ihe silicon oxynilridc and lilanium nilrtde 
layers and a second niclal clch slcp for elching Ihc Uircc layers as described wilh 
rercrcncc to Figure 2C. 

I'igurc 4 shows a plasma processing apparatus of tlie kind used in carrying out 
Ihc etching processes |dcscribcd herein. 

DETAILED DESCIUPTION OF THE rilEFERIlED EMBODIMENTS 
A method is disclosed for the selective etching of silicon oxynilridc and olhcr 
oxygen-comprising layers on a mullilayercd substralc. Tlie mcUiod provides for the 
selective etching of such oxygen-comprising substrates in a halocarbon-comprising 
clch plasma, and particularly in a nuorocarbon-comprising clch plasma. Finally, an 
especially preferred embodiment for Hie selective elching of silicon oxynilride is 
described. 

Polymer Filnis derived from carbon and halogens whicli arc present in an clch 
plasma have been observed to deposit on the surfaces of silicon and silicon oxide 
during etch processing, sec for example, S. Arai el ah, Japanese J. of AppL Phys., Part 
1, V. 31, 2011-2019 (1992). 

Wc wanted to use silicon oxynilridc as an anti-rcflectivc coating in a multi- 
layered clch structure for the plasma etching of an aluminum conductive layer. To 
etch Uic silicon oxynilridc wc used a duoroearbon-comprising plasma. AlUiough wc 
were not certain Uiat polymer films were depositing on substrate surfaces during the 
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clcliing of ihc silicof) oxynilridc, wc suspected this miglil be Uic case. During 
dcvclopmciil of llic clcliing process, wc discovered thai wc could adjust llic scIccCivily 
of llic etch for silicon oxynilridc compared lo the photoresist used to pattern the mulli- 
layered etch structure (stack) by adjusting the atomic ratio of fluorine to carbon in the 
gases supplied to the process chamber. 

It appears lhal the selectivity of silicon oxynitridc clch is improved Uirough the 
formation of a nuorinc-coniprising polymer, Wc bcUcyc that while the polymer 
builds up on the surfaces of non-oxygenated materials, slowing down etching on these 
surfaces, on the surface of silicon oxynitridc, the following reaction takes place; 
(-CF„-)w (s) + SiO.N,! !. (s) (-CIv)w.i (s) + CO and/or CO^ (g) + 

Sil^Cg) ^ (NM/N/M,0/ I I,/M X/X, . , .) (g). '_ 

where (-CF„-)^ is the polymer layer. 
This reaction results in consumption of the polymer simultaneously with etching of 
silicon oxynitridc, while producing highly volatile byproducts. These byproducts arc 
later removed as exhaust with the help of a vacuum pump. 

To maximize the selectivity of the etch, the proper balance of carbon and 
fluorine in the plasma is achieved by adjusting the flow rates of gases injected into the 
clch processing chamber. Such adjustment is usually made by selecting from the 
following options: Choosing the primary gas feed with a particular carbon to fluorine 
atomic ratio, where the ratio may be adjusted by selection from gases such as ClIF,, 
Cr^, CjF^, CjFe or a combination thereof; adding oxygen or anotlicr oxidizing agent 
which binds wilh carbon in the plasma to suppress the formation of polymer; and 
adding a gas wliich serves as a source of carbon, such as CO, when it is desired lo 
increase ihc polymer formation. It should be mentioned thai if photoresist is present 
in the etch chamber, its erosion during the plasma etching process produces 
considerable amounts of carbon, and the composition of the gas feed has to be 
adjusted in conjunction wilh the pattern density of the photoresist and possible with 
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the kind of photoresist. 

Wc have achieved a surprising increase in Ihc clch rale of silicon oxynilridc by 
adding an assisting halogen-comprising gas such as CIj, F^, HF, HCI, or SF^ 
(preferably CI, and SF^) to the fluorocarbon-coniprising plasma feed gases. This list 
of gases can be extended to include oUier gases which serve as a source of halogen 
atoms in the plasma. The bcnefils of using such an assisting gas arc twofold. If 
ctcliing of silicon oxynitridc is carried out in a metal etch chamber, and Uiis is 
desirable when the silicon oxynitridc is used as an ARC layer in a metal stack, such 
halogen-conlaining gases arc likely to be comicctcd to the etch system for the purpose 
of metal etch. Also, tlie addition of a halogen other tlian fluorine appears to provide 

addit ional flexibility in c ontrollin g the etch rat es of otlicr materials exposed to ilm 

plasma. For example, the etching of a titanium nitride barrier layer is better using 
chlorine than fluorine, and the addition of chlorine to a fluoroearbon-comprising 
plasma cnlianccs the etching of this material simultaneously with the etching of silicon 
oxynitridc, while the etching of an adjacent photoresist is suppressed due to the 
presence of polymer or halocarbon species on its surface. 

We have discovered a preferred combination of plasma etch gases which 
provides an unexpectedly high etch rate while providing selectivity for silicon 
oxynitridc over patterning photoresist. The preferred combination of plasma etch 
gases is CHF, and CI,, wherein the gas flow ratio of CHFj to CI, ranges between 
about 2 : 1 and about I : 3, wherein a ratio of about 2 : I Is recommended for high 
silicon oxynitridc to photoresist selectivity, and a higher chlorine content is 
recommended for simultaneous etching of silicon oxynitridc and a barrier layer such 
as tttanium nitride. It is expected that the use of CF4 ratiier than CliFj would require 
less CI2 to selectively etch silicon oxynitride and that CF4 alone is likely to be 
sufflcient. Further, since the silicon etch rate is dependent on fluorine rather than 
chlorine, the use of CF4 should increase the etch rale of silicon oxynitridc and may 
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provide an iiiiprovcnicnt in sclcclivily as compared willt CHF, . 

Ill view of llic successful dcliing of silicon oxyniiridc, wc believe llial in a 
halocarbon-bascd clcli plasma it is possible lo improve Uic sclcclivily of oxygen- 
comprising layers over adjacent layers which conlain substantially less oxygen or no 
oxygen, using the method described above and expanded upon below. 

Ill parlicular, a carbon source and an appropriate halogen-comprising plasma 
can be used lo achieve seleclivc etching of an oxygen-comprising material compared 
with a material which contains no oxygen or a substantially reduced amount of 
oxygen. Wc believe that the following reaction would take place between an 
oxygen-rich substrate and a polymer nini or halocarbon-coniprising species on its 
surface. 

(-CX„-), (s) I RO„ (s) -» {-CX„-V, (s) + CO and/or CO, (g) + wX^Cg), 
where (-CX„-)^ is the polymer layer or halogen-comprising species; X is a halogen, 
sucli as F, CI, Dr, or I; RO„ is an oxygen containing material, such as SiO,N,lI^ SiO„ 
or TiO.N/, v/Xy is the halogenated etch byproduct, such as SiF^, Til^, or TiCl^; and 
(s) ond (g) represent a solid and a gas, respectively. 

llic overall outcome of this reaction is that part of tlic polymer (or halocarbon- 
coniprising species) reacts with the substrate material to form gaseous products tliat 
can be subsequently ranovcd from the plasma process chamber witli the exhaust 
gases. Thus, an oxygen-comprising material is etched while the etching of a material 
which docs not contain oxygen is hindered. Dy ciioosing tlic appropriate, halogen so 
thai the halogenated byproducts wX^ have the highest possible vapor pressure, Ihc best 
results can be achieved. 

I. DliFINITIONS 

As a preface lo the detailed description, it should be noted tliat, as used in this 
specification and the appended claims, the singular forms "a", "an", and "the" include 
plural referents, unless the context clearly dictates otherwise, llius, for example, tlie 
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term "a scniiconduclor'* includes a varicly of dirfcrcnl materials which arc known to 
Iwvc ihc behavioral cliaractcrislics of a semiconductor, rcrcrcncc to "a conductive 
niatcriaP includes niclals such aluminum, copper, platinum, iridium, rubidium, and 
combinations and alloys thereof, as well as olhcr conductive materials which would be 
suitable in the application described. 

Specific terminology of particular importance to the description of the present 
invention is defined below. 

llic term "aluminum" includes alloys of aluminum of the kind typically used 
in the semiconductor industry. Such alloys include aluminum-copper alloys, and 
aIuniinum*copper-silicon alloys, for example. Typically such alloys of aluminum 
comprise about 0.5 % copper, hi addilioii, as is kno wn in tlicjart, aluminum typically 
exhibits a surface layer of aluminum oxide. 

The term "antircnective coaling", *'antireflcctivc layer" or "ARC" includes 
materials which arc applied to a surface to reduce its rcOcction of electromagnetic 
radiation. 

The term "decoupled plasma source" or "DPS" as used herein refers to a 
plasma etch apparatus with separate controls for Uie inductive coupling of RF power 
which controls plasma density (source power) and, the bias power which controls ion 
bombardment energy of the substrate surface. 

The lerm "dielectric ARC" or "dielectric-comprising ARC" refers to an ARC 
which comprises a dieicctric material. 

I1ie term "feature" refers to metal lines, trenches and openings in a dielectric 
layer, and olhcr structures which make up the topography of the substrate surface. 
Feature size ofien refers lo the size of the smallest feature on the wafer. 

The term "ion bombardment" refers to Uic collision of ions with a surface. 
The ions arc accelerated toward the surface by electric fields in the vicinity of the 
surface exposed lo a plasma. 
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The Icrni "plasma" refers lo a partially ionized gas coiUaining an approxinialcly 
equal number of positive and negative charges, as well as some otlicr number of non* 
ionized gas species. 

The term •'scleclivily" is used lo refer lo a) a ratio of elch rales of two 
nialcriats; and b) a condilton achieved during elcli when clch rale of one material is 
increased in comparison with another malerial. Note Uial there arc various kinds of. 
malcrials included in a stack of layers used in an etching process. 

The lerm "source power" refers lo the power thai is responsible for suslaining 
the plasma by providing a major portion of the energy lo ionize the neutral species in 
the chamber. 

The tcnn "slack" or_"clch slack" refers to a collection of layers of dincrenl , 
malcrials deposited one over the other, at leasl a portion of whicli arc etched during an 
etching process. A "metal slack" refers lo a "slack" which, upon completion of a 
metal clch process becomes a metal-comprising feature on a substrate. 

The term "substrate" includes semiconductor materials, glass, ceramics, 
polymeric malcrials, and other malcrials of use in the semiconductor industry. 

The term "vertical profile" refers lo a feature profile wherein a cross-section of 
tlie feature exhibits side wails which arc perpendicular to the surface on wlilch the 
feature stands. Alternatively, a "positive profile" is one wherein the width of the 
cross-section of the feature is larger at the surface on which the feature stands than at 
a distance away from the surface. 

II. AN APPAllATUS FOR PRACTICING THE INVENTION 
The preferred anbodimenl elch processes described herein were carried out in 
a Centura® Integrated Processing System available from Applied Materials, Inc. of 
Santa Clara, California. The system is shown and described in United States Patent 
No. 5,180,718, the disclosure of which is hereby incorporated by reference. Tliis 
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equipment included a Decoupled Plasma Source (DPS) of Ihc kind described by Yan 
Ye ct al. al llie Proceedings of Ihc eleventh International Symposium of Plasma 
Processing, May 7, 1996 and as published in the Eiectrochcmteal Society Proceedings, 
Volume 96-12, pp. 222 - 233 (1996). The plasma processing chamber enables the 
processing of an 8 inch (200 mm) diameter silicon wafer. 

A schematic of the processing chamber is shown in Figure 4 which shows an 
etching process chamber 410, whicli is constructed to include at least one inductive 
coil antenna segment 412 positioned exterior to the etch process chamber 410 and 
connected to a radio frequency (RF) power generator 418 (source power generator 
with a frequency tunable around 2 MHz for impedance matching at dinbrcnt plasma 
conditions)r Interior to the process chamber is a substrate 4 14 support pedestal 
(cathode) 4 1 6 which is connected to an RF frequency power generator 422 (bias 
power generator of frequency fixed at 13-56 MHz) through an impedance matching 
network 424, and a conductive chamber wall 430 which serves as the electrical ground 
434. 

The semiconductor substrate 414 is placed on tlic support pedestal 416 and 
gaseous components are fed into the process chamber tlu*ough entry ports 426. A 
plasma is ignited in process chamber 410 by applying RF powers 418 and 422. 
Pressure interior to the etch process chamber 410 is controlled using a vacuum pump 
(not shown) and a throttle valve 427 situated between process chamber 410 and the 
vacuum pump. The temperature on the surface of the etch chamber walls is 
controlled using liquid-containing conduits (not shown) which are located in the walls 
of the etch chamber 410. The temperature of the semiconductor substrate is 
controlled by stabilizing the temperature of the support pedestal and flowing helium 
gas in the channels formed by the back of the substrate and grooves (not shown) on 
the pedestal 416 surface. The helium gas is used to facilitate heat transfer between 
the substrate and the pedestal. During the etch process, the substrate surface is 
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gradually healed by Uic plasma lo a slcady slalc Icmpcralurc which is approximalcly 
25 • 40 •'C liighcr llian (he subslralc support plalcn temperature, depending on Ihc 
process conditions. It is estimated that the substrate surface temperature was typically 
around 75 during most of our experiments. The surface of the etching chamber 
410 walls was maintained at about 80 ''C using llic cooling conduits previously 
described. 

HI. 12XAMPLI-S OF ETCHING SILICON OXYNITRIDE 

Three sets of experiments were performed. First, the basic cfTect of etch 
chemistry was evaluated by etching unpatterned silicon oxynttridc and unpattcrned I- 
line photoresist wafers and the etch rates were compared to estimate the selectivity, 
fllie photoresist and silicon oxynitridc were not simultaneously presaU in Uie plasma.) 
CHFj, CI2, SFg, BCIj and combinations thereof were evaluated in Uiis (esUng. The 
etch rates obtained are provided in Table I below. Tlie etch conditions were as 
follows. The plasma source power was 1400 W; Ihe bias power was 130 W; Uie 
process chamber pressure was 13 mTorr; the substrate support platen temperature was 
45 the support platen back side helium pressure was 10 Torr, with a typical leak 
of 3 • 6 seem, and clcliing was carried out for 40 seconds. This experimentation 
indicated tiiat CIIFj and CI2 used together provided tlic most promising combination 
of selectivity and etch rate. 
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Tabic I; UiiiiatCcriiccJ SiO.N, r.icI PliolorcsisC Elcli Rales and ScIccUviiy 
As A Fiiitcltoii of ECcli Gas Feed Compusition 



CI, 






CHF, 


SiO.N, 


PR 


Select 


(sccni) 


(scciii) 


(sccni) 


(sccni) 


ER 




100 








(A/niin) 


(A/niin) 










1222 


2820 


0.443 




100 






724 


643 


1.13 






too 




2625 


6048 


0.434 


50 






50 


2112 


1467 


1.44 






50 


2884 


2512 


1.15 




50 




50 


1789 


1564 


1. 14 






50 


50 


2713 


4575 


0.593 



wJicrc: liR is cCcli rale; 1»R is pliolorcsisl; and Select is selectivity. 

In the second set of cxpcriiimts; wc patlcm ctcIicU a silicon oxynilricle layw 
of about 3500 A in thickness which had been applied over a silicon dioxide surface. 
The pattern was lines and spaces having a feature size down to about 0.25 which 
was transferred from a patterned layer of DUV photoresist (Shipley UV-5 of about 
6500 - 7000 A in thickness). The substrate was then examined with a scamiing 
electron microscope to determine the pattern profile and to estimate tiro etch rates and 
selectivity. TIic details are provided in Tables II and III. It was discovered that, due 
to the increased amount of carbon released into tlic plasma from Uic photoresist 
surface, silicon oxynitridc could not be etched in pure CIIF, under tijc process 
conditions used (basically the same conditions as described above for the initial 
cxpcrimcnlalion). The etch rale had dropped by a factor of about three in the area of 
the substrate at a distance away from the photoresist lines (open area) and by a factor 
of about ten in between the lines, as compared to the cteli rate of unpaltcrncd silicon 
oxynitridc. 'nils situation was subsequently amended by adding CI, to the plasma gas 
feed, in particular, the CI, added made up from about 33% to about 75 % of the total 
volumetric gas flow. 
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: I'roccss CoiidiCioiis For The Pattern Etch Of Silicon oxynitridc 



SubslraU 
Number 


CIIF, /C», 

mat 

(■ccm) 


rrcfstirc 
CmTorr) 


Source 
Tower 
OV) 


niit 

Power 

OV) 


DIti 

Temp, 


lime 
Cwc) 


CommcnU 


I 


50 /O /O 


14 


NOO 


80 


45 


60 


Low Ctcil 
rate 


2 


50 /O /O 


12 


1400 


100 


45 


180 


Low ctcli 
rule 


3 


50 /50 fO 


12 


1400 


100 


45 


120 


l/rR5UC 

Rale 
Increase 


4 

1 




1 ^ 


fl Ann 
1400 


100 


45 


60 


Looks 
Good 


5 


50 /2S /O 


12 


1400 


100 


45 


60 


No Large j 
Cliattge 


0 


50/12/0 


12 - - 


_ 1400 


100 


45 


60 




7 


50 /25 /O 


12 


1400 


130 


45 


45 




8 


50 /25 /O 


12 


1100 


100 


45 


60 




9 


50 /25 /O 


11 


1400 


100 


45 


45 




10 


40 /20/0 


12 


1400 


100 


45 


60 




1 1 


50 125 /O 


12 


1400 


100 


30 


60 


PosiUvc 

rronic 


12 


20/20/0 


12 


1400 


100 


45 


60 


SlU Pos. 
Profile 


13 


20/fiO/O 


12 


1400 


100 


45 


60 




M 


20/0/60 


12 


1400 


100 


45 


60 


Vry. Pos- 
Profile 



A posilivc profile is one in wliicli a line is wider at tlic bottom than at the top, so lliat the included 
angle at the base of itic line is greater than tlie desired 90^ Helium backside pressure was 10 Torr 
Ihrougliout all (rial runs. 
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Tabic III: Etch Rale And ScIcctivUy Of Padcrn Elchine Silicon oxynUridc. 
(Substrate numbers correspond with Ihc ones given in Tabic II) 



Substrate 

NUMOCR 


PROCESS 

Chance 


Etoi Rate* 

(A/MIN) 


PR Loss 
Tor SiiouiJiFR 

(A/MIN) 


Seleciivity** 


5 


DASE-UNE 


3100 


2500 3100 


1.2:1:0.1 


6 




2600 


2300 2900 


1.1^:0.1 


7 


+DIAS 


3450 


3300 4200 


1.0 ±0,1 


8 


- Source 


2900 


2900 3500 


1.0 db 0.1 


9 


+ Pressure 


2900 


2700 3400 


1.1 :l:OJ 


10 


• Fu>w 


2800 


2800 3200 


1.0 db 0.1 


11 


-TEAir 


2800 


2400 3000 


1.2:1:0.1 


12 


- Flow 


1700 


2500 3400 


0.68 ± 0.08 


13 


- CIIK, + Cl^ 


2100 


3300 3800 


0.64 ± 0.08 


1 1^ 


CIIF, + BCio 


1300 


2000 3100 


0.65 ± 0.0 



• lilcli rale in tiie open area. ===^^=^^=5=as=a==«a=^«=:^^= 
Ratio of the open area etch rate to the photoresist loss rate at the lop in a QjLSim I 0.25 |im 
(line/space) line array. 



In the third set of experiments, a full metal stack upon a silieon wafer 
substrate, wiiich included ah aluminum metal layer and titanium nitride barrier layers 
was etched. The proFiics were examined with Uie help of a scanning electron 
microscope. The details for the third set of experiments are given in the EXAMPLES 
provided below. 

Figure 1 illustrates a typical preferred embodiment etch stack 100 for 
patterning an aluminum conductive layer to feature sizes down to 0.25 fini or less 
using a DUV photoresist as a patterning means. In particular, the substrate 110 is a 
layer of silicon dioxide overlying a silicon wafer surface (not sliown). Tlic barrier 
layer is a bilayer composed of a 300 A thick layer of titanium 1 12, followed by a 
500 A thick layer of titanium nitride 1 14. Overlying titanium nitride barrier layer 
114 is a 5,200 A thick layer 116 of aluminum alloy containing 0.5 % copper. 
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Overlying aluminum alloy layer 1 16 is a second 300 A Ihick layer oriiiantum 1 17, 
followed by a 500 A Ihick layer of tilanium nllridc 1 18,. Overlying second (Kauium 
nilridc layer 1 18 is a layer of silicon oxynilridc 120 about 300 A Uiick. Overlying 
silicon oxynilridc layer 120 is a layer of pallerncd DUV pholorcsisl 121, where llic 
pattern is lines and spaces and where the lines and spaces have a varying width 122 of 
about 0.2 pm and larger, and have a height and a height 124 of about 0.7 pm (7,000 
A), In the preferred embodiments described herein, the DUV photoresist was UV-5, 
manufactured by Shipley Company of Marlborough, Massacliuscits. Wc also 

evaluated a DUV photoresist manufactured by Shin-Estu of Japan, which 

preformed in a similar manner. 

EXAMPLE ONE: 

This Example is for a three step etch iu which tlic SiO,Ny ARC layer is etched 
in Step 1 , the underlying TiN and Ti barrier layers arc etched in Step 2, with Ihc 
aluminum alloy layer, and underlying TiN and Ti barrier layers being etched in Step 
3. With reference to Figures 2 A through 2D, Figure 2 A illustrates the schematic 
cross-sectional profile of the preferred embodiment stack 200 (the same stack as 100 
described with reference to Figure 1) during the tlu-ee etching steps. 

Figure 2B shows the schematic of the cross-sectional profile of the etch stack 
after (lie first etch step in which the pattern is transferred from DUV photoresist layer 
221 tltfough silicon oxynilridc layer 220, stopping at the upper surface of second 
titanium nitride layer 218. The etch conditions used to carry out this first clch step 
were as follows. The source power was 1400 W; the bias power was 100 W; the 
process chamber pressure was 12 mTorr; the substrate support platen temperature was 
about 45 ''C; the gas flow rates were 50 seem of CHF/ 25 seem of CI2 , and the 
wafer back side helium pressure was 12 Torr, with a typical teak of 3 - 6 seem. Tlic 
etch time period was 5 seconds. 
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l-iuurc 2C shows (he schematic of the cross-sectional profile of the etch slock 
after the second etch step In which the pattern is transferred tiuough Uic second 
titanium nitride layer 218 underlying silicon oxynilridc layer 220, slopping ot the 
upper surface of aluminum layer 216. Tlic elch conditions used to carry out tiiis 
second clch step were llic same as in the first step except that the bias power was 50 
W, and the gas flow rates were 15 seem of CI IF,/ 90 seem of CI,. Tlxc clch time 
period was 12 seconds. 

Figure 2D shows the schematic of the cross-sectional profile of the stack oner 
Ihe Uiird etch slcp in which the pallem is transferred through the aluminum layer 116, 
the first titanium nitride barrier layer 2H, and the first titanium barrier layer 212, 
stopping with a slighl over cjch 226 into the (op of silicon dioxide layer 210. llic 
clch conditions used lo carry out this second clch slcp were as follows. Tlic plasma 
source power was 1 100 W; (he bias power was 130 W; Uic process cluimbcr pressure 
was 8 mTorr; the substrate support platen temperature was 45 "C, Uie gas flow rales 
were 5 seem of CI IF,/ 80 seem of Clj/40 seem of BCI„ and Uw wafer back side 
helium pressure was 12 Torr, with a typical leak of 3 - 6 seem. Tlic clch was carried 
out for as long as the end point signal at 396 nm (aluminum and titanium lines) was 
above the background level plus another 10 seconds. 

EXAMPLE TWO'. 

This Example is for a two slcp etch in whieli the SiO.Ny ARC layer and the 
underlying titanium nilridc and titanium barrier layers, arc etched in Slcp I; and, Iho 
aiuminuin layer, and (ilaniuni nilridc and (ilaniuni layers which underlie Ihc aluminum 
layer are etched in Slcp 2. With reference to Figures 3A through 3C. Figure 3A 
illustrates the schematic cross-sectional profile of the preferred embodimail slack 300 
(the same stack as 100 described with reference to Figure I) for the two clch steps. 

Figure 3U shows the schematic of the cross-sectional profile of tlic etch slack 
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aAcr ihc firsl etch slcp in wliicli the pallcni is transferred from DUV photoresist layer 
321 llvoueh silicon oxynitritio layer 320, second titanium nitride barrier layer 318. and 
second titanium layer 317, stopping at the upper surface of aluminum layer 316. The 
etch conditions used to carry out tliis first etch step were as follows. The source 
power was 1400 W; the bias power was 70 W; the process chamber pressure was 12 
mTorr; the substrate support platen temperature was 45 •C, Uic gas flow rates were 20 
seem of CI IF,/ 60 seem of CI, , and the wafer back side helium pressure was 12 Torr, 
with a typical leak of about 3 - 6 scan. Tlic etch time period was 20 seconds. Ilic 
increased concentration of chlorine, as coniparcd with Example I, sacrifices Uic 
selectivity of silicon oxynitridc etch, thus allowing etching of other materials such as 

Jitaniuni nitndc, Considering tlic^^s 

overall loss of photoresist thickness is negligible and is well justified by the 
simplification in the etch process. 

Figure 3C sliows the schematic of the cross-sectional profile of tlie stack aCler 
the second etch step in which the pattern is transferred tltrough aluminum layer 316, 
first titaiiium nitride layer 314 and first titanium layer 312, slopping witli a slight over 
etch 326 into silicon dioxide layer 310. The etch conditions used to carry out this 
second etch stej> were as follows. The plasma source power was 1000 W; the bias 
power was 130 W; the process chamber pressure was 8 niTorr; the subslralc support 
platen temperature was 45 "C, the gas volumetric flow rates were 5 seem of CHF,/ 80 
seem of Cy 40 seem of UCIj , and the wafer back side helium pressure was 12 Torr, 
with a typical leak of 3 - G seem. The etch was carried out for as long as the end 
point signal at 39C nni (aluminum aitd titanium lines) was above the background level 
plus another 10 seconds. 

Tlie above described preferred embodiments arc not intended to limit the scope 
of the present invention, as one skilled in the art can, in view of tlie present disclosure 
expand such embodiments to correspond with the subject matter of the invention 
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CLAIMS 

Wc claim: 

K A method for plasma clching at Icasl one layer of a dieleclric*comprising ARC 
material in a semiconductor patterning stack, the melliod comprising: using at least 
one fluorine-comprising ctcliant gas, alone or in combination witli a chlorine- 
comprising clchant gas, in a manner which provides selectivity Tor the ARC dielectric 
material. 

2. The method of Claim I , wlicrcin said fluorine-comprising gas and said chlorine 
comprising gas arc used in combination with a carbon-comprising gas. 

3. The method of Claim I , wherein said fluorine-comprising gas furtlicr comprises 
carbon. 

4. The method of Claim I, wherein both said dielectric-comprising ARC material and 
at least one other layer which makes up said semiconductor patterning stack arc etched 
using tlie same etchant gas or combination of elchant gases. 

5. Tlie method of Claim 1, wherein both said dielectric-comprising ARC material and 
at least one other layer which makes up said semiconductor patterning stack are etched 
in the same process chamber. 

6. The method of Claim 5, wherein said process chamber includes an apparatus 
which enables independent control of a plasma density and of a source of bias power 

21 



SUBSmUrE sheet (rule 26) 



wo 99/30357 PCT/US98/25817 
:h arrccts an ion bombardment energy upon a surface of said pallcrning slack. 



7. A mclhod for plasma clching al least one layer of an oxygen-comprising ARC 
material in a semiconductor patterning stack, Uic mcUiod comprising: using al least 
one fluorine-comprising ctchant gas, alone or in combination wiUi a carbon- 
comprising gas, in a manner which provides selectivity for Uie oxygen-comprising 
material. 

8. The method of Claim 7, wherein, said fluorine-comprising gas further comprises 
carbon. 



9. The method of Claim 7, wherein both said oxygen-comprising ARC material and 
at least one other layer which makes up said semiconductor patterning stack arc etched 
using the same elchant gas or combination of ctchant gases. 

10. The method of Claim 7, wherein both said oxygen-comprising ARC material and 
at least one other layer which makes up said semiconductor patterning stack are etched 
in the same process chamber. 

1 1. The mclhod of Claim 10, wherein said process chamber includes an apparatus 
which enables independent control of a plasma density and of a source of bias power 
which affects an ion bombardment energy upon a surface of said patterning stack. 

12. A method for plasma etching an oxygen-comprising layer in a semiconductor 
plasma elch patterning stack, comprising: using at least one halogen-comprising 
ctcliant gas alone or in combination with other ctchant gases, in a manner which 
provides sclectivily for an exposed patterning stack layer containing a higher 
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13. The mcihod of Claim 12, wherein said halogen-comprising clehanl gas forms a 
halogen-comprising polymer or species which deposits on surfaces adjacent to said 
oxygen-comprising layer in an amount sufficient to reduce the cldi rate of said 
adjacent surfaces while permitting the etching of a surface of said oxygen comprising 
layer, and wherein said oxygen-comprising layer comprises at least Uircc elements or 
comprises two elements where ncitlier of the two elements is silicon. 

14. The nictI)od of Claim 12 or Claim 13, wherein said oxygen-comprising layer is 
silicon oxynilridc^ 

15. Tlie method of Claim 14, wherein said silicon oxynitridc is SiO,NyH„ where x 
ranges from 0 to about 2, y ranges from about 0 to about 1 , and z ranges from 0 to 
about I. 

16. The method of Claim 15, wherein x, y, and z range between about 0.2 and about 
0.5. 

17. Tlie method of Claim 13, wherein said oxygen-comprising layer includes silicon 
oxynitridc and said adjacent surface comprises a photoresist. 

1 8. The method of Claim 1 7, wherein said photoresist is a DUV photoresist. 

19. The method of Claim 12, or Claim 13, wherein said plasma etching is carried out 
in an apparatus which enables independent control of a plasma density and of a source 
of bias power which affects an ion bombardment energy of a substrate surface. 
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20. Tlic method of Claim 14, wherein said plasma etching is carried out in an 
apparatus whicli enables independent control of a plasma density and of a source of 
bias power whicli affects an ion bombardmenl energy of a substrate surface. 

21. The method of Claim 19, wherein plasma-generated ions arc directed toward a 
surface said oxygen-comprising layer in a manner which activates oxygen contained 
on said layer surface to react with carbon adjacent to or in contact with said surface. 

_22^j:hc_nrethod_ofXlaini_I2,-or_CIaim-l3,-whcrci 
fluorine-comprising gas, 

23. The method of Claim 22, wherein said fluorine-comprising gas is used in 
combination with a carbon-comprising gas. 

24. The method of Claim 22, wherein said fluorine-comprising gas further comprises 
carbon. 

25. The method of Claim 12 or Claim 13, wherein said halogen-comprising etch gas 
includes ail assisting gas which is used to improve the selectivity of said oxygen- 
comprising layer. 

26. The method of Claim 25, wherein said assisting gas is selected from the group 
consisting of CI,, Fj , MF, HCI. NF^, SF^, and combinations thereof. 

27. The method of Claim 24, wherein said fluorine-comprising gas is selected from 
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II.C group conslscine of CMF,. CF„ CF,CI, C,I%, C,F., and combinalions lUcrcof. 

28. The mclhod of Claim 27, wherein said nuorinccomprising gas is CHF„ CF„ or a 
combinalion (hereof. 

29. Tlic mclhod of Claim 27, wlicrciii said assisting gas is selected from Uic group 
consisting of CI,. F,. MF, HCI, NF,, SF„ and combinations thereof. 

30. The method of Claim 29, wherein said assisting gas is chlorine, and wherein 
volumetric flow rale of said nuorine-comprising gas to said chlorine ranges bclwecji 
about 2 : I and about I : 3. 

31. A method for plasma etching a silicon oxynitride-comprising layer in a 
semiconductor plasma cich patterning stack, comprising: using at least one halogen- 
comprising etchant gas alone or in combination witli oUicr ctchanl gases, wherein said 
halogen-comprising elclianl gas forms a halogen-comprising polymer or species which 
deposits on surfaces adjacent to said silicon oxynitride-comprising layer in an amount 
sufficient to reduce the etch rale of said adjacent surfaces while permitting the etching 
of a surface of said silicon oxynitride-comprising layer. 

32. The method of Claim 3 1 , wherein said surface adjacciil said silicon oxynitride- 
comprising layer comprises a photoresist 

33. The nictliod of Claim 32, wherein said photoresist is a DUV photoresist. 

34. The method of Claim 31, or Claim 32, or Claim 33, wherein said plasma ctcliing 
is carried out in an apparatus which enables independent control of a plasma density 
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and of a source of bias power which afTccls an ion bombardment energy of a substrate 
surracc. 

35. Tlie method of Claim 31, or Claim 31, or Claim 33, wherein said halogen- 
comprising gas is a fluorine-comprising gas, 

36. Tlic method of Claim 35, wherein said fluorine-comprising gas is selected from 
the group consisting of CHF,. CF4, CF3CI. CjF^, QFj, and combinations Uicrcof. 

37. Tlic method of Claim 35, wherein said plasma etch gas includes an assisting gas 

_ _ selected from the group consisting-of Clj,-F2 ,-HF, HCl, NFj, SF« M^ _ 

thereof, which is used to control the deposition of said fluorine-comprising polymer or 
species on said stack surface. 

38. The method of Claim 37, wherein said assisting gas is chlorine, and wherein 
volumetric flow rate of said fluorine-comprising gas to said chlorine ranges between 
about 2 : I and about 1 : 3. 
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